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GENERAL INTRODUCTION 
Potassium (K) is one of the most important elements in plant 
nutrition. It plays an essential role in plant growth and develoµnent. 
The total K uptake by vegetables is usually higher than for any other 
required nutrient. Tomato plants have a high requirement for K compared 
to other nutrients and the element constitutes 86 to 90 percent of the 
total cations in the fruit (Besford and Maw, 1974). The application of 
an adequate supply of K to tomato plants is important for vegetative 
growth and the production of good quality fruit. 
The dependence of plant growth and development on an adequate supply 
of available K is well recognized. A reduction in the availability of 
the element to the plant will reduce the K composition of both the 
foliage and the fruit and, therefore, affect the yield and the quality of 
the tomato fruit. Potassium deficiency leads to disturbances in plant 
metabolism, translocation and plant water status. On the other hand, 
excessive K in the soil solution may limit plant growth because of a high 
salt concentration. 
The plant availability of fertilizer in the soil is greatly 
influenced by the application method. Fertilization through a trickle 
irrigation system is a newly developed method of applying fertilizer 
directly to a portion of the crop root zone. This method pennits 
frequent supply of fertilizer in small dosages throughout the growing 
season, and thus may reduce nutrient losses and increase plant fertilizer 
use efficiency. Many researchers have shown a positive effect of K 
fertilization through a trickle irrigation system on tomato production, 
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but these studies were usually conducted on sandy soils with a low cation 
exchange capacity (CEC) and a low organic matter content. In central 
Iowa, soils usually have a relatively high CEC (17-25 meq/100g) and a 
high percentage of organic matter (3-6%). It is possible that different 
soil types may influence the effect of trickle K fertilization on tomato 
growth. 
Tomato (Lycopersicon esculentum Mill.) is one of the popular high-
value vegetable crops grown in Iowa. The objectives of this research 
were to evaluate the requirement of tomato cultivars for K fertilizer, 
and . to compare the effect of fertilization of K through the trickle 
irrigation system with the traditional preplant broadcast method for 
tomato yield and quality. 
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SECTION I. EFFECT OF K RATE ON TOMATO GROWTH 
---GREENHOUSE EXPERIMENT 
4 
INTRODUCTION 
In the eighteenth century, the investigations of Theodore de 
Saussure, Garl Sprengel, and Justus von Liebig showed clearly that K is 
an essential plant nutrient (Mengel, 1978). Since then, it has been well 
known that K is a major essential element needed for plants to complete 
their life cycle and its functions cannot be replaced by other elements. 
Potassium is required in plant carbohydrate metabolism and translocation 
(Haeder and Mengel, 1972; Haeder et al., 1973), in N metabolism and 
protein synthesis (Webster, 1956), as an enzyme activator (Ellis and 
Macdonald, 1967), and necessary to promote meristematic growth and cell 
expansion, extension and growth (Wilcox, 1964). The osmotic role of K 
regulates the cell sap concentration and stomatic movement thereby 
controlling plant water relations (Fong, 1973). A large quantity of K 
present in rapidly growing tissues (contributing about four percent of 
the dry weight), and its mobility and presence in all areas of active 
metabolism indicates its important roles in plant nutrition (Lauchli and 
Pfluger, 1978). 
Potassium deficiency in plants is characterized by a number of well-
established changes. Deficiency of K causes the accumulation of 
carbohydrates and inorganic Nin the plant. Eventually, it retards 
photosynthesis and the production of new tissues while increasing 
respiration (Haeder and Mengel, 1972; Hartt, 1969; 1970; and Jones, 
1961). Some organic bases accumulate in the leaves, which have been 
found in certain circumstances to contain abnormally large amounts of 
soluble nitrogenous compounds and organic acids (Smith and Richards, 
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1962; Steinberg, 1951; Viro and Haeder, 1971; and Wall, 1939). Increase 
in tomato acidity by lowering of tanato fruit pH of 0.3 unit has been 
found accompanying K deficiency (Freeman, 1965). 
Potassium requirement 
The tomato plant has a high requirement for K compared with other 
vegetable crops. Lucas (1968) ranked K utilization of 22 vegetable crops 
and tomato was the second highest K requiring crop (requires 
approximately 300 Kg ha-1 for field tomatoes and 500 Kg ha-1 for 
greenhouse tomatoes). A report from Great Britain (1962) indicated that 
a large amount of K accumulated in tomato plants. A commercial planting 
of 35,000 plants per ha (14,000 plants per acre), producing 110-180 t 
ha-1 (50-80 tons acre-1) of fruit, removed some 295-500 Kg per ha of the 
element from the soil; and two-thirds of the K removed was located in the 
fruit. This may be compared with the concomitant uptake of 182-273 Kg 
ha-1 of N, 14-30 Kg ha-1 of P, 39-60 Kg ha-1 of Mg and 162-259 Kg ha-1 of 
Ca by the crop. Lingle and Lorenz (1969) found that in a 75 t per ha 
crop grown on a California fine loamy sand soil, tomato fruits alone 
would remove approximately 135 Kg of K per ha. A total of more than 224 
Kg K per ha were removed by the entire plants. 
Many reports indicate that tomato yield and fruit qualities are 
closely related to the level of available soil K. Severely K-def icient 
plants respond markedly to small increases of the element. Plant yield, 
as well as fruit quality factors, are related in a linear way to soil 
exchangeable K levels up to the point where obvious deficiency symptoms 
are still visible; thereafter, there is a diminishing response to further 
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K additions and at very high rate some inhibition of growth takes place 
(Adams et al., 1978; Besford, 1975). 
The dependence of plant growth on an adequate supply of available 
soil K is well recognized. The growth rate of tomato plants increases 
with the increasing of K concentration in soil solution. In early 
studies Wall (1940) reported that the growth of tomato plants was related 
to the supply of nutrient K in solution. He observed that there was an 
abrupt decline in the growth rate at and below the concentration of 45 
ppm K which was associated with the first appearance of symptoms of K 
deficiency on the leaves. Jones (1961) described a similar K effect on 
tomato plant growth in nutrient solution. He found a very marked 
discontinuity in response slope at 0.5 meq li ter-1 of K and below this 
level leaf deficiency symptoms were apparent and rapidly increased in 
severity as the K level was reduced. Besford and Maw (1975) also found a 
fresh weight response curve over a wider range of K concentrations with a 
clear discontinuity occurring at a K concentration of 0.53 meq K liter-1• 
Other researchers also reported similar results (Fong, 1973; Lingle and 
Lorenz, 1969; and Maynard et al., 1980). 
Cultivar differences 
Apart from the K supply in soil, different cultivars may exhibit 
different responses to K nutrition and therefore different plant growth. 
Besford (1978) reported that in a sand culture, raising the supply of K 
in nutrient feed from 0.28 to 10.2 meq liter-1 resulted in a significant 
linear increase in the dry weight of the leaves of the cultivar Amberley 
Cross, whereas leaves from VF-145 and VF-13L cultivars produced a growth 
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increment only between 0.28 and 2 meq liter-1• Maynard et al. (1980) 
also found a similar result in a solution culture. In their experiment 
the shoot weight of Early Pak 7 increased as the application of K 
nutrition increased from 30 to 180 mg plant-1• However, the shoot weight 
of UC82 only responded to the nutrient application increase up to 120 mg 
plant-1; but the total dry weight of UC82 (14.1 g plant-1) was 
significantly higher than Early Pak 7 (13.0 g plant-1). 
Fruit quality 
Much of the research on the response of tomato to K has been to 
determine the effect on yield first and some quality factors second. In 
a K-deficient situation, increasing the rate of K results in a rapid 
growth increase to maximum yield. Wilcox (1964) found that the total 
yield of tomato fruit was increased from 45 to 56 t ha-1 when he applied 
168 Kg of K ha-1 to a Crosby silt loam soil containing 168 Kg of 
exchangeable K ha-1 in Indiana in 1962. In 1963, he also obtained a 
tanato yield increase of 60%, from 60 to 95 t ha-1, by applying 224 Kg of 
K ha-1 to a Miami silt loam soil containing 112 Kg of exchangeable K 
ha-1• The U. S. #1 grade tomato yield was also increased from 23 to 56 t 
ha-1 by the same K rate in this year. 
Most of the fruit quality characteristics are improved to optimum in 
the same range of K application for the maximum yield. The improvement 
of the fruit quality in turn contributes to the steep yield response 
obtained (Forster, 1973; Lucas, 1968). However, in a Netherlands 
slightly acid sand soil, Roorda van Eysinga (1966) reported that in order 
to obtain the highest yield of well-colored tomato fruits a higher K 
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level in the soil was needed than for obtaining the highest total yield. 
He found that the soil with 17 mg K per 100 g dry soil could supply the 
tanato plants with enough K to produce the highest yield; but to obtain 
maximum well-colored fruit yield, a K level of 21-25 mg K per 100 g dry 
soil was required. Later, he obtained the same results on loam and silt 
soils and found the K residual in these soils was high enough for the 
maximum tomato yield; however, a supply of 623 Kg K ha-1 (6.2 Kg K per 
100 rrf) was needed for maximum well-colored fruit yield. 
~ testing 
Since the tomato plant removes a large amount of K from the soil 
during the growing season, K application is necessary t o r eplenish soil 
available K to maintain a continuous K supply to the tomato plant. Soil 
testing is usually a reliable method of predicting K need. Many people 
have made K application recommendations for tomato production based on 
various situations i n their own geographical region. Gerber (1981) 
recommended an application of between 46 and 280 Kg K ha-1 for fresh 
market tomato production on Illinois loam soils based on the exchangeable 
K level in the soils. In Florida, Everett (1976) found no increase in 
yield and fruit size with K rates higher than 278 Kg K ha-1; Geraldson 
(1979) recommended 279-418 Kg ha-1 K for maximum production efficiency 
for tropic cultivars; and Persaud et al. (1976) found 93-279 Kg K ha-1 
was best for mulched tomato with seepage irrigation on fine sand at a 46 
cm in-row spacing. However, Reed and Bradley (1983) in Arkansas reported 
a much lower application rate than Florida and 67 Kg K ha-1 with 67 Kg P 
was suitable for tomato production; and in South Carolina, Jones et al. 
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(1977) recommended a 93 Kg ha-1 application rate for top production. 
Leaf analysis 
Optimal K application recommendations have also been based on leaf 
tissue K analysis, since leaf K concentration is often used as indexes 
for nutrient uptake and efficiency. Leaf K, however, is influenced by 
soil fertility level (Adams et al., 1978), different cultivar (Besford 
and Maw, 1974; Lingle and Lorenz, 1969; Maher et al., 1984), different 
leaf positions on the plant, and sampling time (Besford and Maw, 1974; 
Humphries and Devonald, 1977). Agui and Recalde (1979) found that K 
absorption by the tomato plant was essentially depended on the quantity 
of this element in the culture solution and the concentration of K in all 
plant parts increased with increasing K in the nutrient feed. Besford 
(1978) reported that increasing the K concentration in the nutrient 
solution resulted in significant increases in the leaf K concentration (g 
K/100g dry wt) as well as total K uptake. These K concentration and 
total uptake increases were different depending on cultivars in his 
experiment. At 0.28 rneq K liter-1 solution the leaves of the cultivar 
VF-13L contained a significantly lower K concentration (0.43 g/100g dry 
matter) and total K uptake (0.56 g plant-1) than those of Amberley Cross 
(0.60 and 0.81, respectively). Some reports also indicated that 
different cultivars may have quite different capabilities of absorbing 
other nutrients (Adams et al., 1978). But other reports stated that 
there were no difference in the rate or amount of K absorption between 
cultivars (Lingle and Lorenz, 1969). 
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Potassium concentration declined in all plant organs as they 
developed. Tomato leaves showed a gradient of K concentration from low 
values in the basal leaves to higher ones in the upper leaves; and the 
final K concentration of a tomato leaf varied with its position on the 
stem up to the eighth leaf (Humphries and Devonald, 1977). On the 
contrary, Fawusi (1977) found the tomato leaf K content remained constant 
throughout the growth period. 
In the early studies, Wall (1940) suggested that the tomato yield 
was related to leaf K composition and a definite internal K concentration 
must be maintained in the plant, or K deficiency will result. Wilcox 
(1964) reported that this concentration was 2.3% for the KC-146 cultivar 
grown in Miami silt loam soil, and when leaf K concentration was below 
this percentage the addition of K increased the plant's ability to fully 
develop its fruit load. Adams et al. (1978) in the United Kingdom found 
that the tomato leaf K content corresponding to the maximum yield for 
four cultivars was 4.4-5.6%. Besford and Maw (1974) found that the 
symptoms of K stress were associated with shoot concentrations lower than 
1.2-1.5 percent of the dry weight; and a 50 percent incidence of K 
deficiency symptoms occurred in leaf containing 0.74% K. In the 
following year (1975), they reported that the K status of young fully 
expanded leaves associated with maximum dry weight production in 6-week-
old plants was 1.4% in the whole leaf; the maximum fruit yield without 
the production of excessive foliage was associated with 5.2%. 
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Other cation effects 
Reports on the Ca and Mg uptake as affected by K level are very 
inconsistent. Besford (1978) found that when the concentration of Kin 
the nutrient solution was raised above 0.28 meq liter-1, the total Ca 
present in the tomato leaves of Amberley Cross and VF-13L cultivars was 
increased but it had no effect on Ca present in VF-145. Amberley Cross 
also accumulated more Ca in the leaves at the 10.2 meq K liter-1 level 
than did either VF-145 or VF-13L. With regard to Mg, the net import of 
this element into the leaves of VF-145 and VF-13L showed no significant 
change when the nutrient K was increased to 10.2 meq liter-1; however, 
the amount of leaf Mg present in Amberley Cross increased in the same 
application range. On the other hand, Bower and Pierre (1944) found that 
as K rate increased from 0 to 420 Kg ha- 1 , both Ca and Mg contents in 
Corn, Sorghum, and Soybean leaves were reduced when grown on a calcareous 
soil. 
The purpose of this experiment was to determine the effect of 
different K application rates on tomato early growth and nutrient uptake; 
and to determine the response differences of two tomato cultivars to K 
rate on an Iowa loamy sand soil. 
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MATERIALS AND METHODS 
The experiment was conducted from December, 1984 to February, 1985 
in the horticulture greenhouse, Iowa State University. Two tomato 
cultivars, Heinz 722 (H722) and Supersonic were used in the trial. H722 
is a open-pollinated, small detenninate plant which is mainly used for 
processing. Supersonic is a hybrid and a large indetenninate cultivar, 
and is grown for fresh market. 
Five K treatments were used in the experiment as shown in table 1. 
Potassium chloride was used as the source of K. The experimental design 
was a split-plot, randomized complete block, with the two cultivars as 
the main plots and K rates as sub-plots. There were four replications. 
The experimental unit was a pot with one plant. 
Table 1. Potassium treatments used in the experiment 
treatment lbs K/acre Kg K/ha mg K/kg soil 
1 0 0 0 
2 ' 20 22 10 
3 40 45 20 
4 80 90 40 
5 160 180 80 
The soil used was a loamy sand (Entic Hapludoll, sandy, mixed mesic) 
taken from the Muscatine region, Iowa. It had a pH of 5.1, organic 
matter of 2.0% with very high exchangeable P and low to medium 
exchangeable K levels. Prior to establishing the experiment, 3 grams of 
calcium carbonate per Kg of soil was added according to previous 
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experience to raise the soil pH to 6.5-6.8; and 13.2 mg of zinc sulphate 
per Kg soil (equivalent to 6.7 Kg Zn ha-1) was also added. These plus 
the KCl were mixed well with the soil and incubated for two weeks. 
Supersonic tomato seed was sown on December 24, 1984 and a single 
seedling transplanted into the pots on January 9, 1985 at the two-true-
leaf stage. On the same day of Supersonic transplanting, germinated H722 
seeds were directly sown at three seeds per pot and the extra H722 
seedlings in the pots were thinned out on January 22. Every pot had been 
weighed carefully so that each of them contained the same amount of soil 
(1.8 Kg/pot). Five milliliters of a 1:4 dilute solution starter 
fertilizer (10-34-0) was applied to every pot at the transplanting of 
Supersonic and sowing of the H722 seeds. 
On January 14, after the Supersonic seedlings recovered from 
transplanting, they were fed with N in quantities to supply 10 mg N/pot 
(5 ml of solution containing 28.6 mg Ammonium Nitrate). On January 20 
the two-true-leaf stage H722 seedlings were supplied with 10 mg N/pot and 
Supersonic seedlings 50 mg N/pot. Thereafter, both cultivars were 
fertilized once a week with 50 mg N/pot until the end of the experiment. 
Since all plants showed a sign of P deficiency early in the experiment, P 
was applied to every pot in the amount of 50 mg P/pot in the form of 
Ca(H2Po4)2•H2o on January 20, 1985. 
Plants were grown in the greenhouse with mean day and night 
temperature of 26 and 20°c, respectively, and received supplementary 
lighting from a combination of metal halide and high pressure sodium 250 
watt lamps, which supplied 56 µE m-2sec-1 for 15 hours a day. Pots were 
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watered with distilled water once a day from gennination until the end of 
the experiment. 
On February 5, 1985, Supersonic plants, which were in the first 
flower cluster stage, were cut just above the soil level and the height 
and fresh weight were recorded. The same procedure was conducted for 
H722 plants the following week when they reached the first flower cluster 
stage. The fresh seedlings were dried in a forced-air drier at 70°c for 
three days. Dried samples were weighed again before grinding in a Wiley 
mill to pass a 40-mesh sieve and stored in corn envelopes at roan 
temperature for laboratory analysis. 
Shoots were analyzed for K, Ca, Mg, Zn and P uptake. A ground 
sample (0.25 gram) was ashed in a muffle furnace for at least four hours 
at 500°c, allowed to cool, dissolved with 5 ml 1:1 (v/v) hydrochloric 
acid, and brought to a constant volume (50 ml). The concentrations of K, 
Ca, Mg and Zn were measured using a Perkin-Elmer model 403 atomic 
absorption spectrophotaneter. Phosphorus was detennined colorimetrically 
using the vanadomolybdate method. 
The treatment means were tested by the analysis of variance, and the 
linear responses of different tomato cultivars to the K application rate, 
if significant, were then computed. 
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RESULTS 
Since K rate had the same affect on the plant height and shoot fresh 
weight as on the shoot dry weight, only dry weight will be presented as 
the plant growth parameter. 
Shoot _Qry weight 
There was an interaction between K rate and cultivar for shoot dry 
weight (Fig. 1, Table A1). This interaction is significant because of 
the significant deviations of H722 plants to the response of linearity. 
The shoot dry weight of Supersonic plants increased frcm 1.70 to 2.55 g 
sh~ot- 1 when K rate increased frcm 0 to 180 Kg ha-1• This relationship 
can be presented by the equation Y=1.79+0.0044X, where Y is the predicted 
shoot dry weight (gram) and Xis the K rate in the unit of Kg K ha-1• 
Although there was an overall linear relationship between H722 shoot 
weight and K rate (represented by Y=2.58+0.0044X), the response of H722 
dry weight to applied K was inconsistant (R2:0.30) and the deviation is 
indicated by the significant interaction value between K rate residual 
with cultivar in table A1. At lower K rate, between 0 and 90 Kg ha-1, 
the dry weight of H722 shoots did not response to K application; but its 
dry weight increased at higher K rate (180 Kg ha-1). 
There were different growth rates for the two cultivars in the six 
weeks' growth period. The H722 plants had an average growth rate of 68.6 
mg shoot-1 day-1, which was significantly higher than the 49.5 mg shoot-1 
day-1 for Supersonic plants. 
Potassium deficiency symptcms were observed during the experiment 
and they were in agreement with their shoot dry weight responses. 
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Apparent symptoms were observed as early as 13 days after transplanting 
on Supersonic plants. In the 0 and the 22 Kg ha-1 rate Supersonic plants 
had experienced the same degree of K stress and beginning from the rate 
of 45 Kg ha-1 to the upper limit of the experiment, the K stress was 
lessened (Table 2). The H722 plants, on the other hand, only showed a 
slight degree of the symptoms at the control treatment; the plants from 
other treatments were all free from K stress and grew well. 
Nutrient contents 
There was a highly significant interaction of shoot K content 
between K rate and tomato cultivar (Fig. 2, Table A2). The highly 
significant interaction for K rate linear by cultivar indicates that the 
two different cultivars have different linear slopes of K content 
response to the K rate change. In general, as more K was applied, K 
content in both cultivars increased linearly. The H722 plants had higher 
K uptake than Supersonic plants. From every Kg of K applied, H722 plants 
absorbed 0.38 mg K into the shoot, which was significantly higher than 
the 0.26 mg K kg-1 by the Supersonic plants. 
Potassit.nn-efficiency ratios (KER) were calculated to determine 
growth per unit of plant K (Table 2). The overall average KER for H722 
plants was greater than those for Supersonic plants. Generally the KER 
was highest at low K rate for both cultivars, and it declined with 
increasing K rate. The KERs for H722 were high at lower K rates and low 
at higher K rates compared with Supersonic. 
There was also a significant interaction for Ca content between K 
rate and cultivars (Tables 3, A3). This interaction, however, is 
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primarily due to the lack of fit to the linearity of the H722 cultivar, 
rather than any differences in response slope. The Ca uptake is 
dependent on cultivar. Potassium rate did not affect Ca content in H722 
shoots, but Supersonic plants showed a linear response to K application. 
Supersonic had a lower Ca uptake, 65.6 mg shoot-1, than H722, which had 
122.6 mg shoot-1• 
Although there were significant K rate effects for shoot Mg and Zn 
contents, these effects were mainly produced by the great response 
deviations as evidenced by lack of fit to a linear or quadratic model. 
The uptake of P was not affected by K rate. 
The elemental uptake was highly dependent on the cultivar selection 
with H722 having a higher capability to absorb nutrients (Tables 3, A4, 
A5, A6). H722 shoots had an average of more than 62%, 55%, and 74%, 
respectively for Mg, Zn, and P, than Supersonic shoots. 
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Table 2. Response of greenhouse grown tanato to K rate on Iowa loamy 
sand soil, 1985 
Treatment K-efficiency ratiosa Deficiency indexesb 
-------------------- --------------------Kg/ha H722 Supersonic H722 Supersonic 
0 91 81 0.5 3.0 
22 64 64 0 3.0 
45 68 55 0 2.8 
90 45 46 0 2.0 
180 35 37 0 1 • 8 
Average 61 57 0. 1 2.5 
aK-efficiency ratios: mg dry wt/mg K absorbed. 
bThe average of the number of the leaves showing K deficiency. 
Table 3. Effect of K rate on tanato shoot Ca, Mg, Zn, and P uptake, 
Ames, Iowa, 1985 
H722 Supersonic 
--------------------- --------------------Treatment Ca Mg p Zn Ca Mg p Zn 
Kg/ha ----mg/shoot--- µg/shoot ---mg/shoot--- µg/shoot 
0 126.4 11.5 11. 1 88.35 51.6 5.9 5.7 44.56 
22 92.2 7.8 11 .o 61 .51 62.9 5.7 6.9 51.38 
45 136.7 11 .4 11.8 83.93 68.7 6.7 6.3 48.51 
90 121.0 9.8 10.9 70.76 69.3 5.8 6.6 51. 10 
180 136.9 10.6 11 • 8 81 .51 75.5 6.6 7. 1 54. 13 
Average 122.6 10.2 11.3 77.21 65.6 6. 1 6.5 49.94 
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DISCUSSIONS 
In this study on Iowa loamy sand soil, the response of tanato growth 
to applied K was inconsistent, depending on the cultivar selection. The 
Supersonic cultivar is an indeterminate plant. Its shoot dry weight 
showed a linear increase in response to increasing K rate up to the upper 
limit of the experiment. The optimum growth of Supersonic plants was not 
reached by the K rates within this study range and deficiency symptans 
were evident (Table 2). A higher K rate is needed for the normal growth 
and development of Supersonic plants. The H722 cultivar, on the other 
hand, is a determinate plant and did not response to K application well. 
The exchangeable K in the soil may have already been sufficient for near 
maximum growth, although a higher rate (22 Kg ha-1) was required to 
prevent visible deficiency symptans. The low requirement of K 
application for H722 is probably due to its efficient K uptake ability as 
showed in Figure 2. The uptake of K by H722 plants was so efficient that 
the residual exchangeable K from Iowa loamy sand soil (with low to medium 
exchangeable K) had already met their requirement for early growth, thus 
no K application was needed. H722 may also have a lower K requirement 
for early growth than Supersonic since very low K uptake (30-33.2 mg 
shoot-1) had sufficed its growth and no great growth response occurred 
with higher K content. Supersonic plants, however, showed K stress even 
though leaf K content reached 69.8 mg shoot-1• 
The cultivar response differences in the study were in contrast with 
Lingle and Lorenz (1969), who reported no significant differences in 
plant growth among the cultivars cultured in the nutrient solutions; and 
in agreement with Adams et al. (1978). Adams et al. reported various 
varietal responses to different K rates and remarkably low levels of K 
(<100 mg K liter-1) sufficed for maximum yield for the tcmato cultivar 
Amberley Cross, though such levels were insufficient to ensure freedom 
from ripening disorders. Tile higher levels (330-430 mg K liter-1) had 
proved to be necessary for the Findon Cross cultivar. Tile depression in 
yield by the highest K treatments in their experiment did not appear in 
this experiment for H722 cultivar. Tilis was perhaps due to that the K 
rate had just met the requirement for its early growth but was not high 
enough to suppress it. 
When the supply of K to tomato plants was restricted, the ion was 
used more efficiently. As soil available K increased by K applications, 
the tomato KERs decreased and less shoot dry weight was produced per unit 
of shoot K. H722 plants were very efficient in K use when in K stress 
and their efficiency declined as more K became available in the soil. 
They also had a capability to produce more shoot dry weight (higher KER) 
per unit of shoot K than did Supersonic. On the other hand, Supersonic 
plants had a relatively stable KER and had changed less as soil available 
K became more abundant. Tilis is similar to the results from Makmur et 
al. (1978) and Maynard et al. (1980). Direct comparisons between these 
results and theirs are difficult because of different experimental 
regimes. Nevertheless, H722 probably would be included in the efficient 
lines proposed by Makmur et al. while Supersonic would be probably be 
among their less efficient lines. 
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In a solution culture experiment, Maynard et al. (1980) found K 
content in tomato plant increased with increasing rates of K application; 
and cultivars did not differ in their ability to extract K from the 
solution. In this field experiment on Iowa loamy sand soil, the uptake 
of K by tomato plant was also dependent on the available K in soil. 
Potassium contents rise in both cultivars as the K rate increased up to 
the upper limit of the experiment range and the maximum K level was not 
yet attained. However, in this study two different types of cultivars 
showed different capability of absorbing K. H722 was more efficient in 
absorbing K than Supersonic as presented in Fig. 2. From every Kg of K 
applied, H722 plants absorbed 0.38 mg into the shoot, which was 
significantly higher than the 0.26 mg K per Kg of application. Or, 47 
percent of applied K was recovered by H722 shoots, and 33 percent by 
Supersonic shoots. 
Potassium application did not affect the uptake of other nutrient 
elements in this study, except the uptake of Ca by Supersonic plants 
which showed an anomalous increasing with the increasing of K rate. The 
results are in agreement with Besford (1978) and Fong (1973), who 
reported that the absorptions of Ca and Mg were not affected by the K 
nutritional status of the intact tomato plants, except when the plants 
were extremely K deficient; and in agreement with Persaud et al. (1976), 
who found the P uptake was independent of K rate in seep and trickle 
irrigations. H722 plants also had a higher ability to uptake Ca, Mg, Zn, 
and P nutrients than Supersonic. 
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SECTION II. EFFECT OF K APPLICATION METHOD ON TOMATO YIELD AND QUALITY 
--FIELD EXPERIMENT 
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INTRODUCTION 
Trickle, or drip irrigation, which originated in the early 1960s, 
has experienced an enormous increase in commercial significance and 
research interest in the past two decades. It differs fran conventional 
overhead sprinkler or furrow irrigation methods in that smaller volunes 
of water are applied to plants at more frequent intervals, and to only a 
portion of the root zone. This is accomplished by piping water under 
pressure throughout the irrigated area, releasing water only at selected 
points by means of some form of emitter system (Elfving, 1982). This 
irrigation system allows the grower to apply water according to plant 
requirements by supplying a small amount of water at frequent intervals 
to the soil near the root zone. The low pressure and reduced water 
requirement of this system results in the econanic use of water and 
energy, thus reducing irrigation costs. This method also permits some 
field operations at all times, even while water is being applied, thereby 
helping growers plan their operations. 
Trickle irrigation has resulted in additional yield increases in 
many crops. This additional yield increase resulted mainly from: 1) 
better water utilization; 2) decreased salt in the root zone; 3) low 
chloride levels; 4) higher oxygen concentration in the root zone; and 5) 
increased vegetative growth resulting in more flower clusters and thus 
more fruit. Because of the uniform soil moisture content created by 
trickle irrigation, the plants are not under any stress throughout the 
growing season; thus, the quality of the plants are improved (Bar-Yosef 
and Sheikholslami, 1976; Bar-Yosef, 1977; Bryan et al., 1975; Hanna et 
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al., 1985; Lin et al., 1983; Oebker, 1984; and Yamamoto and Cho, 1978). 
In addition to the benefits above, this irrigation system can be 
used for application of chemicals, especially fertilizers (Elfving, 
1982). Fertilizer application is the most common application of the 
chemical injection techniques and many successful applications have been 
reported (Bruce et al., 1980; Goldberg et al., 1971; Goode et al., 1978; 
Rolston et al., 1974). 
Trickle fertilization, often being called· trickle fertigation, 
permits frequent application of low levels of soluble nutrients directly 
at the site of a high concentration of active roots. It offers the 
possibility of reducing nutrient losses associated with conventional 
application methods, thereby increasing nutrient-use efficiency 
(Grobbelaar and Lourens, 1974). Increased nutrient application frequency 
provides continuous nutrient replenishment to the soil near the root zone 
(Fiskell and Locascio, 1983). This system also allows growers to make 
relatively rapid and easy changes in the plant's nutrient fertility 
status--this is especially important when using plastic film mulch (Hanna 
et al., 1985). 
Although there are numerous reports on the successes of trickle 
fertigation to many crops, not all of the nutrient elements are suitable 
for trickle fertigation. Following application, the applied nutrients 
move into the wetted volume and their movements are affected by the flux 
of applied water and by the interaction of the ions with soil exchange 
sites (Keng et al., 1979). 
Most N fertilizers are soluble and have been most successfully 
applied through the trickle system (Bar-Yosef, 1977; Isobe, 1974; and 
Miller et al., 1976). When N fertilizers are injected in NH4-N form, the 
ion will be fixed temporarily on the soil exchange sites and its movement 
in the soil will be regulated by soil type and cation exchange 
properties. After a period of time, however, the NH4-N will be 
transformed to N03-N by nitrification. Nitrate form of N is free in soil 
solution and does not react with soil exchange sites and hence is not 
held in soils (Elfving, 1982). It will accumulate along the periphery of 
the wetting front when it is applied through the trickle system (Keng et 
al., 1979); and it is easily leached from the concentrated root area if 
excessive irrigation is applied, possibly leading to reduced plant N 
content. Therefore, it has been recommended that split N be applied 
according to crop growth and development (Bryan et al., 1975). 
In contrast to N, P is readily fixed in many soils, although 
movement of applied P differs with different soil types and textures. 
The movement of P in soil is restricted by precipitation f r om soil 
solution by cations, such as ta++, Mg++, Al3+, and Si4+, and adsorption 
reactions with soil exchange sites upon application (Bar-Yosef and 
Sheikholslami, 1976; Goldberg et al., 1971; Rauschkolb et al., 1976; and 
Rolston et al., 1974). Phosphate fertilizers also promote precipitation 
of P in the trickle lines with commonly occurring ions in irrigation 
water such as Ca or Mg and pose problems of emitter clogging (Bryan et 
al., 1975). Because of such problems, it is difficult to apply and to 
achieve proper P placement with a trickle system; and so P is not 
28 
commonly used with this method, although it had a positive effect when 
used in some locations (Grobbelaar and Lourens, 1974; Taylor and Goubran, 
1974). To avoid P precipitation in the trickle lines and from soil 
solution, an organic P compound, glycerophosphate, may be used in the 
injection (Rolston et al., 1974). Glycerophosphate moves more readily in 
soils than standard P fertilizer and has been shown to be available to 
plants. 
Potassium is less mobile than N, but its distribution in the wetted 
volume may be more uniform due to interaction with binding sites. 
Trickle-applied K moves both laterally and downward, filling the rooted 
volume more completely than N. This occurs because repeated injection of 
K at the same point on the soil saturates the local K-fixing sites, 
allowing more spread of the ion (Csizinsky, 1979). The movement of 
applied K is less than that of N and is influenced by soil type and the 
soil exchange sites. Although considerable K movement in sandy soil has 
been found when applied with trickle irrigation (Grobbelaar and Lourens, 
1974), most researchers have found limited K movement. Munson and Nelson 
(1963) reported a loss of up to 22 Kg ha- 1 of K under high fertilization 
rates (224-448 Kg ha-1) in fine sands, while K loss from fine textured 
soils, such as silt loams, at similar fertilization rates was practically 
zero. With an Iowa loam soil, DeBuchananne (1982) reported that trickle 
applied K was mainly concentrated within a periphery of 7 cm from the 
trickle tubing and the soil K residual decreased sharply as the sampling 
depth and distance from the trickle tubing increased. He concluded that 
K leaching was not a problem in Iowa high CEC soils. Keng et al. (1979) 
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observed a competition of~ with NH4+ when working on a Oxisol soil with 
a low soil CEC. He found that ~ concentrated immediately around the 
drip tubing and the NH4+ located some distance away (within the 30 cm 
layer of the surface soil). 
Crop nutrient uptake is dependent on soil nutrient availability, 
which may be affected by the fertilizer application method. Applying 
fertilizer through trickle system may increase fertilizer use efficiency 
because the fertilizer tends to stay within the wetted crop root zone 
(DeBuchananne, 1982). Keng et al. (1979) compared three fertilizer 
placement methods, band, broadcast and trickle injection, on an Oxisol 
soil with low CEC using a pepper crop and found plant N, P and K uptakes 
were highest for the trickle injection treatment. The pepper fruit yield 
for the trickle injection treatment in the dry season was as high as 83 
Kg ha-1, which was significantly higher than 73 and 63 Kg ha-1 for the 
band and broadcast treatments, respectively. Although there was no 
significance between trickle injection and band placement treatments for 
the wet season crop, both yields (87 and 90 Kg ha-1) were higher than the 
yield of the broadcast placement (80 Kg ha-1). However, DeBuchananne 
found no difference for the tanato plant K status between K injected and 
broadcasted in an Iowa loam soil with a high CEC and suggested that 
injection of K through the trickle system did not result in any increase 
in use efficiency over broadcast preplant. 
Most experiments designed to investigate the effect of K fertigation 
with the trickle system had two marked characteristics: First, they were 
often conducted in sandy soils with low soil CEC, which were most 
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suitable for trickle irrigation and for K ion movement in the soil 
(Csizinsky, 1979; Besford and Maw, 1974; and Everett, 1976). Second, K 
fertilizer was applied with other elements, such as N (Everett, 1976; 
Keng et al., 1979). This might cause some interactions among nutrients 
and sometimes it was difficult to determine the effect of trickle 
applied-K from the others. 
The purpose of this experiment was to compare the effects of two K 
application methods, trickle injection and broadcast preplant; and the 
effect of spreading the injection K rate over crop develoµnent on tanato 
yield and quality grown on Iowa loam soil. 
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MATERIALS AND MEIBODS 
The experiment was conducted in 1985 on a central Iowa loam soil on 
the Horticultural Research Station, Iowa State University. Soil analyses 
taken prior to transplanting indicated a pH of 6.0, an exchangeable P of 
35 Kg ha-1 (Medium) and a K of 220 Kg ha-1 (Low-medium) in the 0-15 cm 
depth; and a pH of 5.8, an exchangeable P of 29 Kg ha-1 (Low-medium), and 
a K of 161 Kg ha-1 (Low-medium) in the 15-30 cm depth. The experimental 
plots were oriented in an east-west direction. Cereal rye was the 
previous crop grown on the field during 1984. 
An early tanato cultivar (cv. Jetstar) was planted in the greenhouse 
in Number 72 plastic trays (the dimension was 57 cm long and 26.5 cm wide 
and had 72 cells in total). After gennination on April 25, 1985, the 
seedlings were fertilized weekly with a fertilizer mix (complete analysis 
of 20-20-20) using 1.9 g liter-1 for the first week and 3.7 g liter-1 per 
week for the later weeks. On May 25, 1985, the seedlings were 
transplanted to the field. The plots were 6.1 meters long with 1.5 
meters between rows, and the plants were spaced 50 cm apart in the row. 
The experiment was conducted using a complete randomized block design 
with four replications and the experimental unit was the center row of a 
3 row plot. 
The trickle irrigation system was set up immediately after 
transplanting. The system used a six ml, twin-wall tube with outlets 
30.5 cm apart and a discharge rate of 1.9 liter m-1 hour-1 at a pressure 
of 0.7 Kg cm-2• The trickle lines were buried 5 cm deep and 15 cm to the 
side of the row and irrigation was applied to maintain readily available 
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soil moisture at all times. The soil moisture tension was maitained 
between 20 and 30 centibars at the 15 cm depth, which was near field 
capacity. by the use of calibrated tensiometers. The irrigation water 
was taken from a nearby lake and the quality of water was considered 
acceptable for irrigation. The precipitation for the season are shown in 
table 1. 
Table 1. Precipitations during the tomato growing season, 1985 
Precipitation Deviation 
Month cm from normal 
May 2.5 -8.9 
June 5.3 -9.4 
July 10.2 +2.0 
August 13.0 +3.8 
A total amount of K, 112 Kg of K ha-1 in the form of KCl (0-0-60), 
was applied to each treatment, except the control, during the growing 
season. The K application timing differed as per following treatments: 
1) control (no K applied); 2) the entire amount of K was broadcast and 
incorporated into the soil just before transplanting; and 3-6) the K was 
injected through the trickle irrigation system in four injection periods 
according to tomato growth and development. The injection periods 
corresponded to the interval of 6, 3, 3, and 2 weeks, which represented 
the 'Jetstar' tomato development stages of vegetative and flowering, 
flowering and fruit enlargement, fruit enlargement and harvest, and heavy 
harvest. For the four periods, the 112 Kg K ha-1 was applied in the ratio 
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of 3) 2/3-1/6-1/6-0; 4) 1/3-1/6-1/6-1/6; 5) 2/3-0-1/3-0; and 6) 1/3-0-
2/3-0, respectively. AmmonitmJ. nitrate (as 34-0-0) was supplied through 
the trickle system in the total amount of 34 Kg N ha-1 to all treatments 
during the first injection period (6 weeks). 
The injection treatments were conducted twice each week throughout 
the growing season, beginning on June 6, two weeks after tomato plants 
were transplanted and ended on September 10, two weeks before the last 
harvest. The KCl was dissolved in 500 ml water for each treatment and 
the solutions were then ptmiped into the trickle system while the system 
was operating. Each injection period lasted about 10 to 20 minutes and 
the system was left on for at least 30 minutes after the injections were 
completed to clear the lines. 
The tomato plants were staked and pruned to two stems, and suckers 
were removed continuously until the fifth flower cluster. A weed 
supression chemical, Trifluralin, was pre-plant incorporated at 1.75 
liter ha-1 (3/4 quart/A) and a weekly insecticide/fungiside spray 
schedule was used to keep the plants substantially free from insect and 
disease during the growing season. 
Whole young, fully-expanded leaf samples were collected from the 
center row of each plot for analysis at 34 (6/28), 48 (7/12), 55 (7/19), 
73 (8/6), 94 (8/27) and 114 (9/16) days after transplanting. Leaves were 
dried in a forced air drier at 70°c for at least 72 hours and ground 
through a 40 mesh screen using a Wiley mill. The concentrations of K, Ca 
and Mg were detennined with a Perkin-Elmer 403 atomic absorption 
spectrophotaneter. 
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Fruits were harvested weekly starting on August 2 and ending on 
September 25. Harvested fruits were graded into two classes: marketable 
and cull. Cull included all cracks, green shoulders, small fruits and 
rots. Cracked fruit had a radial and/or concentric crack more than 2.5 
cm; green shoulder fruit had more than 10% green area on the ripe fruit 
surface at harvest; and small fruit had a diameter less than 5 cm. The 
two grades were counted and weighed. On September 25, all fruits 
remaining on the plants were harvested and graded, with the green fruits 
being grouped into cull class. 
Finally, statistical analyses were conducted by using the analysis 
of variance to compare the response variables relating the effects of the 
K treatments. 
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RESULTS 
Yield 
There were no significant differences for total, marketable, or cull 
tanato fruit weight between the two K application methods and among 
different injection ratios (Tables 2, B1). However, there was a trend 
(P=0.07) that applied K had an affect on the total weight with K 
application raising the total weight 15%, (from 67.2 t ha-1 for the 
control to 77.1 t ha-1 for the K treatments). Treatment 5 (K injected in 
the ratio of 2/3-0-1/3-0) had the highest marketable and total weight. 
The tomato harvests were grouped into three periods: early, mid, and 
late; and the fruit weights at each harvest stage are shown in table 3. 
There was no difference between the two K application methods, i.e., 
broadcast vs trickle injection, at any harvest time (Table B2). In the 
early harvests (from August 2 to 12), K applications doubled the 
marketable weight from 2.0 to 4.1 t ha-1• Although the marketable weight 
did not significantly differ among different application ratios in 
trickle injection, treatment 5 had the highest weight, 5.5 t ha-1, among 
all treatments. In the mid and late harvest stages, the effect of K 
application on the marketable weight disappeared, but the trend of the 
effect of treatment 5 on marketable weight continued to remain the 
highest. 
Leaf Analysis 
Non-significance of the interactions between treatment and sample 
date in the analysis of variance indicates that the response patterns of 
plant K, Ca, and Mg nutrient concentrations to all treatments did not 
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change with sample time and the treatment differences remained the same 
at all times (Table B3). 
There were significant differences for the K concentration among 
treatments (Fig. 1, Table B3). The K percentage in plant leaves varied 
between 0.93 and 2.77% in all treatments. At any sample date, the plants 
from the control (no K applied) had the lowest K concentration and K 
application significantly raised K concentration in the leaves. In the 
comparison of the two K application methods, plants from the broadcast 
treatment generally had a higher K concentration (range from 1.31% to 
2.77%) than those of the trickle-injected (range from 1.05% to 2.56%). 
There was no effect on K leaf concentration by varying injection ratios 
during the growing season. Plant K concentrations were significantly 
changed as the season progressed and they declined gradually from 2.41% 
to 0.93%, 2.77% to 1.31%, and 2.56% to 1.05% for control, broadcast and 
trickle injection, respectively. But, at the last sample date (114 days 
from transplanting), there was a marked rise in plant K level in all 
treatments. 
Contrary to the K responses in the tanato leaf, there were no 
significant effects for plant Ca concentration among treatments, between 
control (no K applied) and K application, and among different ratios in 
trickle injection (Fig. 2, Table B3). Trickle injected plants had a 
higher Ca concentration (range from 3.27% to 5.69%) than the plants from 
broadcast treatment (range from 3.19% to 5.58%) during the growing 
season. During the early growth stages, the plant Ca concentrations 
stayed relatively stable but they had a marked rise in the heavy harvest 
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stage (94 days after transplanting); then Ca concentrations fell after 
the plants passed the harvest peak. 
Leaf Mg concentration had almost the same response as Ca (Fig.3, 
Table B3). It was constant in early growth stages but had a rise in the 
heavy harvest stage. At the end of the experiment leaf Mg concentration 
returned to the status it was in the early stages. There were no 
differences for plant leaf Mg concentrations for any treatment. 
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Table 2. Effect of K treatment and application method on tanato fruit 
yield harvested August 2 to September 25, 1985, grown on Iowa 
loam soil 
Fruit weight, t/ha 
Treatment 
-------------------------------------
comparisions Marketable Cull a Total 
Treatmentb 
1 • Control 18.4 48.8 67.2 
2. Broadcast 20.2 57.2 77.4 
3. 2/3-1/6-1/6-0 22.6 56.2 78.8 
4. 1/3-1/6-1/6-1/6 20. 1 54.3 74.4 
5. 2/3-0-1/3-0 28.3 53.4 81.7 
6. 1/3-0-2/3-0 22.0 51.3 73.3 
.K ~ 
Control 18.4 48.8 67.2 
K treatments, No. 2-6 22.6 54.5 77 .1 
Prob>F >0.1 >0.1 0.01 
Sign., 5% level ns ns ns 
.K aQQlication method 
Broadcast 20.2 57.2 77.4 
Trickle Injection, No. 3-6 23.2 53.8 77.0 
Prob>F >O. 1 >O. 1 >O. 1 
Sign., 5% level ns ns ns 
aincludes all cracks, green shoulders, small fruits, and rots. 
bPorassit..nn rate used in all treatments, except control, was 112 Kg 
of K ha- • Treatment 3 to 6 represent fraction of the K rate injected 
into the trickle system in four growth sequence periods: vegetative and 
flowering, flowering and fruit enlargement, fruit enlargement and 
harvest, and heavy harvest. 
39 
Table 3. 'Jetstar' tanato fruit yield harvested at three stages as 
affected by K treatment and application method, 1985 
Treatmentb 
Early stagea Mid-stage Late stage 
Marketable Total Marketable Total Marketable Total 
----------------------- t/ha -~--------------------
1. Control 2.0 3.6 9.9 24. 1 6.5 39 .1 
2. Broadcast 3.3 4.9 11.3 Z7 .3 5.7 45.3 
3. 2/3-1/6-1/6-0 4.3 5.4 13.4 29. 1 4.8 44.3 
4. 1/3-1/6-1/6-1/6 3.4 4.7 11 .8 29.7 4.9 40. 1 
5. 2/3-0-1/3-0 5.5 6.9 15. 1 30.5 7.6 44.3 
6. 1/3-0-2/3-0 4.0 5.3 13.7 29. 1 5. 1 40.3 
.K Rate 
Control 2.0 3.6 9.9 24. 1 6.5 39. 1 
K treatments 4. 1 5.4 13. 1 29. 1 5.6 42.2 
Prob>F 0.02 >O. 1 >O. 1 >0.1 >0.1 >O. 1 
Sign., 5% level * ns ns ns ns ns 
.K method 
Broadcast 3.3 4.9 11 .3 27.3 5.7 45.3 
Injection 4.3 5.6 13.5 29.6 5.6 42.2 
Prob>F >O. 1 >O. 1 >O. 1 >O. 1 >O. 1 >O. 1 
Sign., 5% level ns ns ns ns ns ns 
aEarly stage represents the harvests from August 2 to 12; Mid stage 
from August 16 to 30; Late stage from September 6 to 24. The late stage 
total weight includes all green fruits remaining on the plants. 
bPotassium rate used in all treatments, except control, was 112 Kg 
of K ha- • Treatments 3 to 6 represent fraction of the K rate injected 
into the trickle system in four growth sequence periods: vegetative and 
flowering, flowering and fruit enlargement, fruit enlargement and 
harvest, and heavy harvest. 
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Fig. 1. Effect of K application method on tomato leaf K concentration 
in the growing season, 1985 
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DISCUSSIONS 
Treatments did not affect total marketable and total cull fruit 
weight. Although applied K had sane effect on tanato total yield, this 
effect was not significant statistically. However, a two-fold increase 
of marketable fruit yield in the early harvests by K application was 
observed in the experiment. These results confinn the report fran 
DeBuchananne (1982), who had also found no significant effect or trend of 
applied K on total yield on Iowa loam soil. He reported that increasing 
K tended to increase the quality of the fruit rather than total fruit 
production; and found a higher proportion of the marketable fruit fran 
those treatments which had received K application. 
Treatment 5 had achieved a better yield effect than other 
treatments. In this treatment 2/3 of the 112 Kg of K ha-1 had been 
injected through trickle system in the tanato vegetative stage, and 
remaining of the fertilizer was injected in the fruit enlargement stage. 
Considering the fact that the times in which the tanato plant needs K 
most are in its vegetative and fruiting stages (Fawusi, 1977; Wall, 1940; 
and Widders and Lorenz, 1982), this K application ratio may meet the 
tanato K requirement better in its development. Comparing treatment 5 
with treatments 3 and 4, which had the same amount of K but the K 
injection had been spread more widely over the season, it appears that 
tanato plants may prefer dose K applications at their critical stages 
rather than maintaining a uniform K level in soil at all times. Fawusi 
(1977) also obtained similar results with tanatoes on a loamy sand soil 
in 1977. He compared two and three split applications of fertilizer (15-
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15-15) and found that a two applications, the first at 2 weeks after 
transplanting and the second at fruit set, had better N, P and K 
utilization as well as greater yields. The significant responses by 
tanato plants to K application in his experiment were prior to flowering 
and until fruit set; and there were no significant differences in leaf K 
between the fertilized and unfertilized plants thereafter. Thus, he 
recommended that fertilizer be applied prior to flowering and not later 
than fruit set. 
Treatment 6 had also subdivided the K application into the two 
critical stages, but only used 1/3 of the fertilizer in the early 
vegetative stage and only a low level of K concentration had been build 
up in the plants (Table B4). In the later stages, the function of root 
nutrient uptake had been reduced by the aging, so no matter how much 
fertilizer had been supplied the tcmato plants could only use a small 
portion of it, thus less K applied had been utilized by the plants and 
less yield produced. 
There was no effect for the two K application methods on the tcmato 
yield variables. It seems that applying K fertilizer by broadcast 
preplant gave the same result as trickle injection in Iowa loam soil. 
This confinns the report frcm DeBuchananne, who also observed the same 
result in 1982. On the sandy soils, the frequent applications of K in 
small amounts by the trickle system may prevent K loss and thus increase 
K plant use efficiency, which in turn may give larger yield responses. 
In the Iowa loam soils with high CEC, however, applied K is less mobile 
and the leaching loss of applied K may be negligible, as reported by 
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DeBuchananne. Both application methods supplied about the same amount of 
available K to tanato plants and no special advantage in terms of yield 
or fertilizer efficiency could be obtained by injecting K through the 
trickle irrigation system. 
Tomato leaf K levels throughout the growing season were lCM. Wilcox 
(1964) reported that leaf K composition of 2.3% or above at time of heavy 
fruit load was required for optimum tomato yields. The leaf K levels in 
this study only exceeded this value at the early stages and dropped below 
it during the flowering season. By the time the plants were heavily 
loaded, the leaf K levels were between 0.93% and 1.31%, which were only 
slightly higher than 0.80%, a critical K concentration at the 
corresponding stage proposed by Maynard et al. (1980). Adams et al. 
(1978) found that the K concentration of the tomato leaves corresponding 
to maximum yield were 4.4-5.6%. It thus appears that a higher rate of K 
application should be used for tanato production in Iowa loam soil. 
The application of 112 Kg of K ha-1 (100 lbs acre-1) had 
significantly increased tanato leaf K. Plants from broadcast treatment 
had a higher leaf K percent than the plants from injection and trickle 
injection did not show any improvement of the K use efficiency compared 
with traditional broadcast preplant. In a field experiment on similar 
Iowa soil in 1982, DeBuchananne (1982) also found that injection of K 
through the trickle system did not result in any increase in use 
efficiency over applying K broadcast preplant. He suggested that the 
high soil residual of applied K makes application timing less critical 
than timing of the more mobile elements such as N, and so broadcast 
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applied K was as effective an application method to supply tanato plant K 
as injection through a trickle system. 
In a water culture experiment over eight weeks, Humphries and 
Devonald (1977) found that K concentration in tanato leaves was highest 
at the beginning of the season, but levelled off later on. A fall in 
leaf K concentration was also evident in this investigation, irrespective 
of K supply. In the early vegetative stages (fran transplanting to 
flowering), the K percent in leaves remained relatively constant until 
fruiting. Beginning fran 60 to 70 days after transplanting, K 
concentration in all treatments decreased steadily. All treatments 
followed the same pattern in the decline and plants fran broadcast 
treatment had the highest K percent in leaves at all times. The drop of 
K concentration was accompanied by the onset of the fruiting stage, and K 
in plant leaves was lowest when in the heavy fruit picking stage. This 
coincidence of the decrease of tanato leaf K concentration with fruit 
setting and enlargement may be explained by the translocation of K fran 
leaves to the enlarging fruits (Humphries and Devonald, 1977). Tomato 
leaves act as sources for the export of K to growing organs (fruits and 
shoot tip) which constitute mobilization sinks. The aging of the plant 
roots may also decrease their function of uptaking K fran soil and 
contribute to the decrease of the K level in leaves. Humphries and 
Devonald (1977) also found that the drop of K concentration in leaves was 
independent of K nutrient supply and suggested that this may be 
attributed to the inability of the root to absorb K. 
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After the fruit picking peak there was an unexpected rise of leaf K 
concentration in all treatments. The rise of K level made the K status 
at the final stage as high as the early stages. This concentration 
change may reflect that the leaves collected at the last time were 
younger than at the first five times, rather than the indication of any 
real K status changes within the plants since leaf K concentration 
changes with its age. Besford and Maw (1974) reported that the 
concentration of K in different leaf positions increased from the base to 
the apex of tomato plants, irrespective of the K concentration in the 
nutrient feed. However, in a K, Ca, and Mg nutrition experiment using 
water culture method, Humphries and Devonald (1977) had had an almost the 
same result as encountered in this experiment. They also reported that 
the K concentration in all leaves, no matter young or old, exhibited a 
marked upturn in the final week (eighth week) of the experiment. They 
considered this as the result of stopping the source-sink transportation 
of K by the removal of the shoot tip. This final K increase may also due 
to the increasing activity of the root. Leonard and Head (1958) and Bar-
Yosef et al. (1980) found a recovery of root growth from the low level 
after the picking of the first trusses. This recovery of root growth 
might have enchanced the K uptake at the final stage of this experiment. 
Potassium application did not affect the Ca and Mg concentrations in 
tomato plants. This remains true for the different ratios among trickle 
injection. The analysis of correlation indicates that there were no 
relationships between Ca and Mg with K in leaves. This may indicate that 
the Ca and Mg uptake of tanato plants are not dependent on plant K 
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nutrition status and this was in agreement with the previous report 
(Section I) and in agreement with DeBuchananne (1982), who also reported 
that the responses of Ca and Mg concentrations were affected neither by 
the K rate nor by the method of K application when comparing the trickle 
injection with broadcast preplant. In this experiment, however, trickle 
injected plants had a higher Ca concentration than broadcasted preplant. 
The Ca and Mg concentrations remained relatively stable throughout the 
growing season with a uprise in the fruit enlargement stage. This uprise 
of Ca and Mg concentrations was related to the decline of K in the plant 
leaves. Similar results have been reported by Halbrooks and Wilcox 
(1980) and DeBuchananne (1982). 
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SUMMARIES AND CONCLUSIONS 
Tomatoes (cv. Heinz 722 and Supersonic) were grown on a Iowa loamy 
sand soil in the greenhouse for six weeks until the first flower cluster. 
Five K rates (O, 22, 45, 90, and 180 Kg of K ha-1) were applied in the 
fonn of KCl. There were different shoot dry weight responses to K rate 
for the different cultivars. Supersonic shoot dry weight increased and 
its deficiency indexes were reduced as K rate increased from 0 to 180 Kg 
h -1 a • However, the growth of H722 plants did not show a good response to 
K rate and it only showed deficiency at the 0 rate. H722 had a higher 
growth rate, 68.6 mg shoot-1 day-1, than Supersonic (49.5 mg shoot-1 
day-1); and had a higher nutrient uptake ability and the K, Ca, Mg, Zn, 
and P contents in H722 were higher than that of the Supersonic plant. 
Potassium contents in both cultivars increased linearly with the 
increasing of K rate and the maximum K level was not reached within the 
experiment rate range. The uptake of other nutrient elements was not 
affected by K rates. In brief, a higher K rate than used in this 
experiment is required for Supersonic, but only a maintenance rate, 22 Kg 
h -1 a , is needed for H722 early growth on Iowa loamy sand soil tested low 
to medium in exchangeable K. 
In a field experiment, tomatoes (cv. Jetstar) were grown on a 
central Iowa loam soil using trickle irrigation. Potassium was applied, 
except control, in a rate of 112 Kg of K ha-1 and two K application 
methods, trickle injection and broadcast preplant, were compared. In the 
trickle injection, the K was injected in four ratios in four periods 
according to plant growth and develoi:xnent. Treatments did not affect 
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total, marketable, and cull fruit weight, and there was no yield variable 
differences for two application methods. However, K applications doubled 
the early marketable fruit weight from 2.0 to 4.1 t ha-1• Treatment 5 (K 
injected in the ratio of 2/3-0-1/3-0) had the highest marketable and 
total fruit weight at any time. Potassium application increased the K 
nutritional levels in plant leaves, but trickle injection did not gain 
any advantage on K uptake over broadcast. Trickle injected plants had a 
higher Ca concentration than broadcast during ·the growing season, while 
Mg levels were not affected by treatment. In conclusion, there would be 
no advantage to applying K through trickle irrigation system over 
preplant broadcast. If K is to be supplied with trickle system, however, 
it is suggested to apply a large portion of it in the early growth stage 
and the rest in the later fruiting stage to attain better results. 
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APPENDIX A. 
ANALYSIS OF VARIANCE OF GREENHOUSE EXPERIMENT DATA 
59 
Table A1. Analysis of variance for tomato shoot dry weight as 
affected by K rate and cultivar, 1985 
Source Df SS MS 
Block 3 0.021 0.007 
Cul ti var 1 6.275 6.275* 
Error (a) 3 0.146 0.049 
K Rate 4 4.181 1.045* 
Linear 1 3.113 3.113* 
Quadratic 1 0.064 0.064 
Residual 2 1.004 0.502* 
K rate*Cultivar 4 1. 129 0.282* 
Linear*Cultivar 1 <0.001 <0.001 
Residual*Cultivar 3 1. 130 0.377* 
Error (b) 24 2.356 0.098 
Total 39 14.107 
* Significant at the 5% level. 
Table A2. Analysis of variance for tomato shoot nutrient contents as 
affected by K rate and cultivar, 1985 
----------
Sums of Squares----------
Source Df K Ca Mg p Zn 
Block 3 0.51* 2.93 0.02 0.02 87.65 
Cul ti var 1 17. 1 O* 324.97* 1.66* 2.28* 7439.99* 
Error (a) 3 0.02 2.67 0.02 0.01 130.58 
K Rate 4 164.26* 41.62* 0.27* 0.05 729.21 1 
Linear 1 163.37* 20.51* 0.01 0.03 93.03 Quadratic 1 0.58 0.33 0.01 <0.01 120.23 
Residual 2 0.89 20.78* 0.25* 0.02 515.95* 
K rate*Cultivar 4 6.22* 24.99* o. 12 0.03 1381.63* 
Linear*Cultivar 1 5. 19* 0.03 <0.01 <0.01 46.54 
Residual*Cultivar 3 1.03 24.96* 0.12 0.03 1335.09* 
Error (b) 24 6 .14 33.49 0.43 0.42 1374.57 
Total 39 194.24 430.66 2.51 2.81 11143.64 
* Significant at the 5% level. 
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APPENDIX B. 
TABLES FOR FIELD EXPERIMENT 
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Table B1. Analysis of variance for 'Jetstar' tanato yield, August 2 to 
September 24, 1985 
--~------ Sums of Squares ---------
Source Df Marketable wt Cull wt Total wt 
Blocks 3 249.22 292.82 125.01 
Treatments 5 980 .58 788.17 507.90 
Control vs K treatments 1 244.25 435.48 324.37 
Broadcast vs Trickle 1 121.77 152.35 0.42 
Error 15 1226.85 3747.65 1221.10 
Total 23 2456.66 4828.64 1854.01 
Table B2. Analysis of variance for 'Jetstar' tanato yield in three 
harvest periods, August 2 to September 24, 1985 
-------------- Sums of Squares --------------
Marketable weight Total weight 
Source Df Early Mid Late Early Mid Late 
Blocks 3 12.55 13. 10 3. 14 26.63 37.81 821. 78 
Treatments 5 28.01* 71.63 24.03 22.74 92.78 541.50 
Control vs K treatments 1 14.98* 33.29 2.47 11.29 69.31 3.20 
Broadcast vs Trickle 1 3.36 15.49 0.02 1.46 19.30 4.80 
Residual 3 9.67 22.86 21.54 10.00 4.17 533.50 
Error 15 28.11 112.47 156.27 57.45 267.51 2239.00 
Total 23 68.68 197.20 183.43 106.83 398.10 3602.29 
* Significant at the 5% level. 
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Table B3. Analysis of variance for 'Jetstar' tanato leaf nutrient 
concentration, June 28 to September 16, 1985 
Sums of Squares -----
Source Df K Ca Mg 
Blocks 3 1 • 14 0.99 0.39* 
Treatments 5 3.80* 0.99 0.09 
Control vs K treatment 1 1.93* 0.01 0.04 
Broadcast vs Trickle 1 1.33* 0.74* 0.02 
Residual 3 0.55 0.24 0.04 
Block*Treatment 15 2.42 1.29 0.32 
Sample date 5 36.26* 98.46* 10.08* 
Date*Treatment 25 1.31 3.03 0.23 
Error 90 4.01 11.69 1.23 
Total 143 48.94 116.44 12.35 
* Significant at the 5% level. 
Table B4. Tomato leaf K concentration as affected by treatments and 
sample times, 1985 
Days after transplanting 
-----------------------------------------------Treatment 34 48 55 73 94 114 
1 • Control 2.41 1.92 2.08 1.32 0.93 1.92 
2. Broadcast 2.77 2.39 2.55 2.24 1.31 2.43 
3. 2/3-1/6-1/6-0 2.74 2.55 2.59 1.77 1.02 2.09 
4. 1/3-1/6-1/6-1/6 2.44 2.13 2.27 1.63 1.00 2. 10 
5. 2/3-0-1/3-0 2.57 2.41 2.41 1.61 1.04 2.26 
6. 1/3-0-2/3-0 2.48 2 .13 2.32 1.58 1 • 12 2. 19 
